INTRODUCTION Aluminium and Antimony r e a c t on h e a t i n g t o form t h e semiconducting compound AlSb.
The r e a c t i o n i s exothermic with AH=-22kcal/mole [ l ] and a c t i v a t i o n e n e r g i e s f o r d i ff u s i o n of A 1 o r Sb atoms a c r o s s an i n t e r v e n i n g compound l a y e r measured a s 1.78 eV and 1.52 eV [ 21 r e s p e c t i v e l y .
W e have previously described [ 31 t h e formation of t h i n AlSb f i l m s by l a s e r i r r a d i a t i o n of sandwich-like s t r u c t u r e s of t h e components l a i d down i n t h e c o r r e c t s t o i c h i o m e t r i c r a t i o , and shown t h a t when t h e s e f i l m s a r e support e d by a thermally i n s u l a t i n g s u b s t r a t e t h e r e a c t i o n i s quasi-adiabatic ( i . e . i n a time s c a l e comparable t o t h e l a s e r p u l s e d u r a t i o n o r s p o t dwell t i m e ) . Under such c o n d i t i o n s t h e r e a c t i o n can
be t r i g g e r e d by f u r n i s h i n g s u f f i c i e n t energy t o p a r t l y melt t h e m e t a l l i c f i l m s ; subsequent l i q u i d mixing and l i b e r a t i o n of a p a r t of t h e h e a t of formation ensures a r a p i d r i s e i n temperature and thus d r i v e s t h e r e a c t i o n t o completion. Furnace annealing, however, does n o t produce t h i s f a s t r e a c t i o n even a t temperatures well above t h e melting p o i n t of t h e components, and it has been assumed t h a t t h e slower r a t e of temperature r i s e a s s o c i a t e d w i t h a furnace anneal allows a t h i n f i l m of compound t o form before t h e m e t a l l i c melting p o i n t i s reached and t h a t t h i s f i l m then prevents l i q u i d mixing of t h e m e t a l s . I n t h i s paper we p r e s e n t f u rt h e r experimental evidence t h a t t h i s hypothesis must be e s s e n t i a l l y c o r r e c t . We s t udy t h e e f f e c t of a pre-anneal on l a s e r transformation threshold energies and c o r r e l at e t h i s w i t h experimentally observed g r a i n boundary d i f f u s i o n and compound formation. EXPER I M E N S 1 ) F_u:nace annealing.
Specimens were prepared by vacuum evaporation of 350 6 A 1 followed by 650 Sb onto sputter-cleaned o p t i c a l microscope s l i d e s . Subsequent annealing i n an i n e r t gas f u rnace r e s u l t s i n formation of t h e compound. as witnessed most simply by i t s transpa-
In f i g . 1 we p l o t t h e transformation time a s a f u n c t i o n of i n v e r s e temperature. Also appearing here i s t h e l i n e corresponding t o t h e lower We observe that temperatures above "500°C are required for transformation within an hour or so, that melting of the components has no effect on the reaction rate, and that the reaction time at the m.p. of A1 is a little more than 100s. 2 ) Laser annealing. Specimens prepared as above can be exposed to either pulsed or CW laser beams and a measure made of the threshold energy required to induce compound formation. We have previously shown [ 4 1 that this threshold energy corresponds to heating of the film to the m.p. of A1 660°c, combined with a reaction time which can be <lms, and our model which takes proper account of the heat of formation was developed to explain the apparent inconsistency of this result with the furnace annealing data. In the present work we have measured the laser threshold energy following a period of pre-annealing at different temperatures. Fig. 2 shows that a pre-anneal of up to 30 min. at 150°C has no effect on the threshold energy whereas a few minutes at-350°C raises the required threshold energy by -60%. We also indicate on Fig. 2 the energy which would correspond to heating the film to the m.p. of AlSb at -1083~C. 3) &2&e_r_-ana_l~sls -Specimens were prepared by evaporation i n UHV of 350 1 A 1 followed by 650 k Sb onto a 8x8x0.1 mm polished s / s p l a t e , which was then t r a n s f e r r e d i n UHV t o a specimen manipulator and presented t o a 4-grid hemispherical Auger analyser. The specimen was held by clamping between r e t r a c t a b l e copper jaws and could be heated by passing a D.C. c u r r e n t , measurement of which was used t o s e t t h e temperature. P r i o r c a l i b r at i o n of t h i s heating system showed an absolute e r r o r of -+-15'~ a t -2 0 0 '~ following r e l e a s e and renewed clamping b u t a r e s e t t a b i l i t y of temperature once clamped t o +3OC with a rapid response. Immediately following preparation t h e Auger spectrum showed a pure and clean Sb surface a s would be expected. W e then monitor t h e evolution of t h e A 1 Auger peak a t 68 eV w h i l s t heating t h e specimen. Fig. 3 shows t h e e a r l y development of t h i s peak with the specimen maintained a t -220°C.
A n e a t e r way t o perform t h e experiment i s t o f i x t h e analyser voltage and t r a c k d i r e c t l y t h e development of the negative lobe of t h e A1 peak a s a function of time, and t h e r e s u l t of one such experiment i s shown i n Fig. 4 about which we s h a l l comment i n some d e t a i l .
The temperature was f i r s t f i x e d a t 1 9 5 '~ (heating time 515s) and when no A 1 s i g n a l was detected a f t e r a few minutes i t w a s thenraisedto235OC. Approximately 40 s l a t e r (heating time 2-3s) t h e A 1 peak s t a r t e d t o grow q u i t e r a p i d l y . A t 1 min. the temper a t u r e was reduced t o 195°C where t h e peak growth i s now small but not zero. The same temperature cycle i s repeated a t 9 1/2 min., followed a t 13 min. by an intermed i a t e temperature of 215O~ and f i n a l l y by a r e t u r n a t -I6 min. t o 235OC where t h e A 1 peak reaches s a t u r a t i o n a t -25 min. Also marked here i s t h e l e v e l corresponding t o exactly one half of t h e peak measured f r o m a p u r e A l surface Fig. 4 we present an alignment of the t h r e e segments a t 2 3 5 '~. The experiment was a l s o performed i n reverse, with Sb d i f f u s i n g through an A 1 l a y e r . The r e s u l t s a r e s i m i l a r but l e s s p r e c i s e due to the reduced s e n s i t i v i t y of t h i s kind of analyser a t t h e Sb peak energy. 
and we observe a t t h i s s t a g e t h a t t h e Sb peak has a l s o decreased t o half i t s i n i t i a l value. A t t h e l e f t of

DISCUSSION
Our model f o r compound formation under l a s e r i r r a d i a t i o n supposes t h a t the r o l e of t h e l a s e r i s simplyto p a r t i a l l y melt the components so t h a t the r e s u l t i n g l i q u i d mixing and concomitant AH l i b e r a t i o n can heat the film up t o t h e m.p. of t h e compound. This idea i s supported by the pre-anneal experiments which suggest t h a t i f t h e components a r e prevented from mixing by a pre-existing s o l i d AlSb b a r r i e r then it i s necessary t o heat t h e f i l m a l l t h e way t o 1083°C using t h e l a s e r . The same experiments suggest t h a t such a b a r r i e r w i l l form i n a few minutes a t temperatures 2 2 5 0 '~. -
The Auger experiments show t h a t a t temperatures above -200°C the Sb surface i s gradually covered by a l a y e r having t h e same stoichiometry a s t h e compound. Quite evidently t h i s cannot occur by a bulk e f f e c t ( c . f . Fig. l ) and must t h e r e f o r e presumably be due t o g.b. d i f f u s i o n of A 1 t o t h e surface, although such d i f f u s i o n cannot be t h e r a t e l i m i t i n g process since t h i s would imply a l i n e a r r i s e i n A 1 concentration with time. W e suppose, more precisely, t h a t A 1 atoms w i l l n o t d i f f u s e a c r o s s an Sb surf a c e (g.b's i n t h e Sb f i l m a r e considered here as surfaces) b u t w i l l instead r e a c t i n d i v i d u a l l y t o form something akin t o a chemisorbed l a y e r o r 2-d compound across which has a s i m i l a r heat of formation, and i s t h e p r i n c i p a l reason why t h e s t i c k i n g c o e f f i c i e n t i n such cases remains c l o s e t o u n i t y u n t i l n e a r l y monolayer formation i s achieved. I f we assume here t h a t t h e compound l a y e r advances a t a f i x e d r a t e ~( c m / s ) a t fixed temperature, and t h a t t h e Sb f i l m i s composed of c i r c u l a r g r a i n s o f r a d i u s r then the A 1 curve should grow t o a maximum S, according t o 2Kt
7)
which i s not the form of the experimental curve. However i f we allow a gaussian d i s t r i b u t i o n of g r a i n s i z e s P(r) about r , and truncated a t r = O , then choosing 0 = 0.53 we obtain t h e immaculate f i t sh8wn i n Fig. 4 . By f u r t h e r assuming t h a t t h e delay i n f i r s t observing the A 1 s i g n a l a f t e r heating t o 23S°C corresponds $0 t h e time taken t o extend t h e layer compound through t h e f i l m thickness of 650 A we o b t a i n ro = 5000 i. Though we have no information about g r a i n s i z e s of Sb f i l m s deposited on A 1 we have observed g r a i n s i n t h e pmrange f o r Sb f i l m s of t h i s thickness deposited onto SiO, and s i n c e Sb f i l m s a r e i n i t i a l l y amorphous on d e p o s i t i o n and c r y s t a l l i z e spontaneously when the t h i c k n e s s exceeds -200 1 one might expect t h e g r a i n s t r u c t u r e t o be l a r g e l y independent of t h e s u b s t r a t e . Hence t h i s v a l u e of ro might not be too unreasonable. Attempts t o deduce a n a c t i v a t i o n energy f o r t h e r e a c t i o n s t e p by assuming K = KO exp(-Q/kT) and p l o t t i n g I n v s -&meet with f a i l u r e s i n c e t h e t h r e e p o i n t s thus derived do n o t l i e on any s t g a i g h t l i n e . I n t h i s r e s p e c t we may note t h a t changes by a f a c t o r of -50 over t h e temperature range 195-235"C, i . e . 8% on t h e a b s o l u t c s c a l e and thus implies e i t h e r an unreasonably high v a l u e of Q o r t h e i n t e r v e n t i o n of some more complicated process such a s a phase change. The n a t u r e of t h i s l a t t e r i s of course q u i t e s p e c u l a t i v e but might p o s s i b l y be r e l at e d t o some kind of s u r f a c e r e c o n s t r u c t i o n , perhaps a change from a "chemisorbed" l a y e r t o a t r u e 2-d compound.
CONCLUSIONS Though t h e e x a c t process by which a s u r f a c e compound i s formed i s u n c e r t a i n i t has been e s t a b l i s h e d t h a t i n t e r d i f f u s i o n of t h e metals occurs by g.b. d i f f u s i o n a t temp e r a t u r e s much below those necessary t o perform t h e bulk r e a c t i o n . Annealing of Al/Sb couples a t temperatures i n excess of -200°C r e s u l t s i n a f i l m s t r u c t u r e simil a r t o as-deposited but where t h e i n d i v i d u a l g r a i n s on e i t h e r s i d e a r e coated i n a l a y e r of compound. Evidently t h i s honeycomb s t r u c t u r e i s s u f f i c i e n t t o mechanically s t a b i l i z e t h e f i l m above the m.p. of t h e components and prevent t h e occurence of t h e l a s e r t r i g g e r e d r e a c t i o n previously r e p o r t e d f o r t h i s m a t e r i a l and s i m i l a r systems.
